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In this study, we adapt prior identity framework to investigate the effect of learning environment (including perceived 
recognition, peer interaction and sense of belonging) on students’ physics self-efficacy, interest and identity by 
controlling for their self-efficacy and interest at the beginning of a calculus-based introductory physics course. We 
surveyed 1203 students, 35% of whom were women. We found that female students’ physics self-efficacy and interest 
were lower than male students’ at the beginning of the course, and the gender gaps in these motivational constructs 
became even larger by the end of the course. Analysis revealed that the decrease in students’ physics self-efficacy and 
interest were mediated by the learning environment and ultimately affected students’ physics identity. Our model shows 
that perceived recognition played a major role in explaining students’ physics identity, and students’ sense of belonging 
in physics played an important role in explaining the change in students’ physics self-efficacy.  
 
  
  
 I.    INTRODUCTION  
Some prior studies have focused on underrepresented 
groups such as women in science, technology, engineering, 
and mathematics (STEM) courses, majors and careers [1-12]. 
Prior research suggests that individuals’ course enrollment, 
degree attainment and achievement in STEM can be 
influenced by their motivational beliefs such as self-efficacy, 
interest and identity in that domain [2,4,6,13-19]. For students 
from underrepresented groups, these motivational beliefs are 
shaped, e.g., by negative societal stereotypes and biases about 
who belongs in STEM and can excel in STEM as well as lack 
of role models and encouragement from others, and they can 
lead to withdrawal from STEM courses, majors or careers [20-
26]. Hence, investigating students’ motivational 
characteristics is critical to understanding and addressing 
diversity, equity, and inclusion issues in the STEM disciplines.  
In physics, researchers have found that self-efficacy is an 
important motivational characteristic of students in order to 
excel [4-7]. Self-efficacy is the belief in one’s capability to be 
successful in a particular task, course, or subject area [27,28], 
and it has been shown to influence students’ engagement and 
performance in a given domain [15,17,18,29]. Another 
important motivational characteristic of students is interest, 
which is defined by positive emotions accompanied by 
curiosity and engagement in a particular discipline [30,31]. 
According to Eccles’s expectancy-value theory [32,33], 
interest is paired well with self-efficacy as connected 
constructs that predict students’ academic outcomes and 
career aspirations. In addition, science or physics identity is 
another motivational characteristic that can influence students’ 
career decisions and outcome expectations [1-3,34-38]. 
Students’ science identity, e.g., is related to whether they see 
themselves as a science person [1-3,34,35,38].   
Prior studies show that female students consistently report 
lower self-efficacy than male students in many STEM courses 
[4-6]. In addition, female students are less likely to see 
themselves as a physics person than male students [2,39]. 
Therefore, investigating the factors that influence physics 
motivational beliefs in introductory physics courses taken by 
physical science and engineering majors can play an important 
role in understanding women’s underrepresentation in those 
disciplines. Here we describe a study focusing on how the 
perception of the learning environment predicts students’ 
physics self-efficacy, interest and identity in a calculus-based 
introductory physics course. Our findings can be useful for 
developing an inclusive and equitable learning environment. 
 
II.    BACKGROUND AND FRAMEWORK 
The well-known science identity framework by Carlone and 
Johnson [1] includes three dimensions: competence (“I think I 
can”), performance (“I am able to do”), and recognition (“I am 
recognized by others”). Hazari et al. added interest to this 
framework and pointed out that the relation between gender 
and physics identity was mediated by interest, competency 
belief, and perceived recognition [40,41]. These studies reveal 
that individuals’ internal identity in science is impacted by 
their perceived recognition from others.  
Similarly, students’ self-efficacy and interest have also been 
found to be influenced by their interaction with others [28,31]. 
According to Bandura’s social cognitive theory, one factor 
that contributes to the development of self-efficacy is social 
persuasion experiences. In Hidi and Renninger’s four stages 
model of interest development [31,42,43], people’s interest in 
a discipline is triggered and maintained by external factors 
first, but then it becomes an individual interest and finally 
becomes a well-developed interest. In prior work [44], 
students’ perceived recognition is not only the strongest 
predictor of identity, it also predicts self-efficacy and interest. 
In addition to perceived recognition, some studies have 
shown that students’ interactions with peers and students’ 
sense of belonging are also important parts of their perceptions 
of the learning environment [45-51]. For example, if students 
have a higher sense of belonging, they may approach others in 
the academic environment more often and with more positive 
attitudes, building better interactions with others and reporting 
higher perceived recognition from others [52]. However, there 
are few quantitative studies about the effect of learning 
environment on students’ physics motivational beliefs and the 
roles played by each component of the learning environment. 
Thus, to better understand how the learning environment 
influences student outcomes and how to foster an inclusive and 
equitable learning environment, further study is needed.   
Inspired by the framework that learning environment can 
play a key role in shaping female and male students’ 
motivational beliefs, we investigated how the perception of 
learning environment (including perceived recognition, peer 
interaction and belonging) predicts students’ physics self-
efficacy, interest and identity at the end of the course (post) by 
controlling for students’ self-efficacy and interest at the 
beginning (pre) of a calculus-based introductory physics 
course. The learning environment in this work here is not 
limited to the classroom environment: it also includes 
scenarios outside the class. For example, students may work 
together on their homework after class, and they may also ask 
for help during instructors’ office hours. As shown in Fig. 1, 
the nine constructs can be divided into three groups: what we 
control for, perceptions of learning environment, and 
motivational outcomes. Students’ gender, pre-self-efficacy 
(pre SE) and pre-interest measured at the beginning of the 
physics course are constructs that we control for, which are 
related to students’ beliefs about physics based on their prior 
experiences. Outcomes include students’ post-self-efficacy 
(post SE), post-interest and identity measured at the end of the 
course. Perceived recognition (recog), peer interaction (int) 
and sense of belonging (bel) constitute the learning 
environment. They are also measured at the end of the course, 
because only after the course can students have a good 
estimate of these based on their real experiences about 
interacting with peers, TAs and instructors.  
In this study we first estimated gender differences in 
student’s pre-self-efficacy and interest. Then, we studied how 
 students' self-efficacy and interest changed from pre to post 
and how much of those change can be explained by the 
learning environment. Also, to better understand the roles 
played by each of the three learning environment factors, we 
first used path analysis, which only includes perceived 
recognition, and investigated how much of students’ physics 
self-efficacy, interest and identity were explained by the 
model. Then we added peer interaction and belonging into this 
model one by one to investigate how much extra variance in 
student outcomes is explained by these learning environment 
factors. If variance in one environmental factor is correlated 
with student motivational outcomes’ variance not covered by 
the other two learning environment factors, then adding that 
factor will explain additional variance in student outcomes.  
 
FIG. 1. Schematic representation of the framework. In the path 
analysis, from left to right, all possible regression paths were 
considered, but only some paths are showed here for clarity.  
III. RESEARCH QUESTIONS 
Our research questions regarding student outcomes in the 
first calculus-based introductory physics course taken by 
engineering and physical science majors in their first year of 
college studies at a large state-related research university in 
the United States are as follows: 
RQ1. Are there gender differences in students’ physics 
motivational characteristics and do they change from the 
beginning to the end of the course (i.e., from pre to post)? 
RQ2. How do the components of the learning environment 
(including perceived recognition, peer interaction and 
belonging) predict students’ physics identity as well as post-
self-efficacy and post-interest controlling for pre-self-efficacy 
and pre-interest?  
RQ3. Does the strength of the relationships given by the 
standardized regression coefficients between any two 
constructs in the models differ for women and men? If not, 
how does gender predict each construct in the model? 
IV.METHODOLOGY 
In this study, we collected pre and post motivational survey 
data from students who took the introductory calculus-based 
physics 1 course in two consecutive fall semesters. The course 
was taught in a traditional, lecture-based format and was taken 
mostly by students majoring in engineering and other physical 
sciences. The paper surveys were handed out and collected by 
TAs in the first and last recitation class of a semester. We 
named the data collected at the beginning of the semester as 
pre-data and that collected at the end of the semester as post-
data. Finally, we combined the two semesters’ data and put 
them into the two categories, pre and post. The demographic 
data of students—such as gender—were provided by the 
university. Students’ names and IDs were de-identified by an 
honest broker who provided each student with a unique new 
ID (which connected students’ survey responses and their 
demographic information). Thus, researchers could analyze 
students’ data without having access to students’ identifying 
information. There were 1203 students who participated in the 
study including both year (427 female students and 776 male 
students). We recognize that gender identity is not binary. 
However, because students’ gender information was collected 
by the university which offered binary options, we did the 
analysis with the binary gender data available.  
In this study, we considered six constructs—physics self-
efficacy, interest, peer interaction, perceived recognition, 
belonging, and identity. The survey questions were adapted 
from the prior motivational surveys [40,41,53-56] and were re-
validated in our prior work [6,44]. The validation and 
refinement of the survey involved use of one-on-one student 
interviews with both introductory and advanced students, 
exploratory and confirmatory factor analyses (EFA and CFA), 
Pearson correlation between factors and Cronbach alpha [57].           
In our survey, we had four items for self-efficacy (Cronbach 
alpha = 0.69 for pre-self-efficacy, Cronbach alpha = 0.8 for 
post-self-efficacy [57]). Students had four options on a Likert 
scale for each item which corresponded to 1 to 4 points. We 
also had four items for interest; each item involved a four-
point Likert scale (Cronbach alpha = 0.75 for pre-interest, 
Cronbach alpha = 0.82 for post-interest). Physics identity 
corresponds to students’ belief about whether they see 
themselves as a physics person [3]. Students could choose 
from strongly disagree, disagree, agree, and strongly agree and 
they corresponded to 1 to 4 points [58], respectively.  
In addition, perceived recognition, peer interaction and 
belonging are the other constructs for learning environment. 
Unlike self-efficacy, interest and identity, these three 
constructs are directly related to students’ experience in the 
course. Perceived recognition included three items which 
represent whether a student thinks other people see them as a 
physics person [2,3,34] (Cronbach alpha = 0.86). Peer 
interaction includes four items and represents whether 
students have a productive experience when working with 
peers (Cronbach alpha = 0.91). Belonging is about students’ 
feelings of whether they thought they belonged in the physics 
class [48]. Consistent with the prior survey from which these 
items were taken, students had five options for all five 
belonging items: Not at all true, a little true, somewhat true, 
mostly true and completely true (Cronbach alpha = 0.86).   
First, we calculated the mean score for each construct for 
each student. Then we used a t-test [59,60] to compare 
students’ pre- and post-scores and to compare responses for 
female and male students. Finally, we used Structural 
 Equation Modeling (SEM) [61] to analyze predictive 
relationships between constructs using our survey data. The 
SEM includes two parts: CFA and path analysis (see Fig. 1).  
To validate the items on our survey, we performed the CFA 
for each construct. The model fit is good if the fit parameters 
are above threshold. In CFA, Comparative Fit Index (CFI) > 
0.9, Tucker-Lewis Index (TLI) > 0.9, Root Mean Square Error 
of Approximation (RMSEA) < 0.08 and Standardized Root 
Mean Square Residual (SRMR) < 0.08 are considered as 
acceptable and RMSEA < 0.06 and SRMR < 0.06  are 
considered as a good fit [62]. In our study, CFI = 0.943, TLI = 
0.934, RMSEA = 0.05 and SRMR = 0.041, which represents a 
good fit. Thus, there is additional quantitative support for 
dividing the constructs as proposed.  
To analyze the relations among the constructs, we 
performed the full SEM. Apart from CFA, SEM gives 
regression coefficients b for paths between each pair of 
constructs and the value of each b is a measure of the strength 
of that relationship. Compared with a multiple regression 
model, the advantage of SEM is that we can estimate all the 
regression links for multiple outcomes and factor loadings for 
items through CFA simultaneously [62]. Before performing 
the gender mediation models, we first tested the gender 
moderation relations between each pair of constructs using 
multi-group SEM. Results showed that in all of our models, 
strong measurement invariance holds and there is no 
difference in any regression coefficients by gender, which 
allowed us to perform the gender mediation analysis using 
SEM [62]. In this study, we first considered a model with 
perceived recognition as the only learning environment to see 
how students’ physics self-efficacy, interest and identity were 
predicted by it. Then, we added peer interaction or belonging 
as additional constructs in the learning environment. Finally, 
our model included all of the three learning environment 
constructs (see Fig. 1). We analyzed the variance in each 
construct (factor or latent variable) denoting student outcome 
explained by each model to understand the unique role played 
by each learning environment and to determine if all three 
learning environment components are productive.   
V. RESULTS AND DISCUSSION 
As shown in Table I, female students had significantly lower 
average interest and self-efficacy scores than male students in 
both the pre- and post-survey and these gender gaps increased 
by the end of the semester. The effect size given by Cohen’s d 
[60] for gender difference in physics interest increased from 
0.54 to 0.60, and the effect size of gender difference in self-
efficacy increased from the 0.32 to the 0.53. In addition, even 
though students’ self-efficacy dropped generally from pre to 
post (see Table I), female students’ self-efficacy dropped 
(effect size d = 0.52) more than male students’ (effect size d = 
0.27). Similarly, Table I shows that female students’ interest 
in physics dropped (effect size d = 0.30) more than male 
students’ (effect size d = 0.19). Table II shows the average 
scores on other constructs (perception of peer interaction, 
perceived recognition, belonging and identity) in the post-        
Table I. Descriptive statistics for pre- and post-self-efficacy 
and interest in physics by gender. 
 
Table II. Descriptive statistics for perceived recognition, peer 
interaction, belonging and identity in physics by gender. 
 
survey. Female students had significantly lower average 
scores in all of these constructs with the effect sizes for all of 
them in the medium range. 
Finally, for determining the predictive relationships 
between constructs using SEM, because many studies have 
shown that perceived recognition is a strong predictor of 
students’ motivational beliefs [44,63-65], all of the models we 
tested include perceived recognition as one of the learning 
environment constructs. First, perceived recognition was the 
only learning environment construct we included in the model. 
Then we added peer interaction or belonging to the learning 
environment one by one to analyze how each helped to predict 
students’ post-self-efficacy and interest. Finally, we included 
all of the three constructs in our model and studied how these 
constructs mediated the outcomes together and what role was 
played by each of them. The results of the last SEM model are 
presented visually in Figure 2. The model fit indices of all of 
the models show good model fits to the data (for example, for 
the last model, CFI = 0.941 (>0.90), TLI = 0.932 (>0.90), 
RMSEA = 0.049 (<0.08) and SRMR = 0.042 (<0.08)). 
We find that all three learning environment constructs 
predict students’ self-efficacy and interest at the end of the 
course even after controlling for students’ pre-self-efficacy 
and pre-interest. According to Figure 1, belonging is the 
largest predictor of post-self-efficacy. Although identity is 
predicted by self-efficacy, interest and perceived recognition, 
perceived recognition, which is the only environmental factor 
of these three, is the largest predictor. 
Another interesting finding is that as we added more 
constructs to the learning environment, the strength of the 
direct paths from pre to post decreased since the learning 
environment factors mediated learning. For example, the 
direct effect of pre-self-efficacy on post-self-efficacy is 0.35 
Gender Self-efficacy (1-4) Statistics 
Pre- Post- p value Cohen’s d 
Male 3.12 2.98 <0.001 0.27 
Female 2.96 2.68 <0.001 0.52 
p value <0.001 <0.001 
 
 
Cohen’s d 0.32 0.53 
 
 
Gender Interest (1-4) Statistics 
Pre- Post- p value Cohen’s d 
Male 3.19 3.08 <0.001 0.19 
Female 2.89 2.70 <0.001 0.30 
p value <0.001 <0.001 
 
 
Cohen’s d 0.54 0.60 
 
 
Gender 
Perception of learning environment 
Identity 
(1-4) Peer Int 
(1-4) 
Perceived 
Recog 
(1-4) 
Belonging 
(1-5) 
Male 2.97 2.60 3.73 2.63 
Female 2.68 2.24 3.33 2.17 
p value <0.001 <0.001 <0.001 <0.001 
Cohen’s d 0.44 0.49 0.46 0.56 
  
 
FIG. 2. Schematic diagram of the path analysis part of the 
SEM with gender mediation. The regression line thickness 
corresponds to the magnitude of b (standardized regression 
coefficient) with 0.01 < p < 0.05 indicated by * and 0.001 < p 
< 0.01 indicated by **. Other regression lines show relations 
with p < 0.001. 
in the model which only has perceived recognition, while this 
effect decreased to 0.29 when we added peer interaction, and 
decreased to 0.23 in the last model which includes all three 
learning environment factors. These results indicate that the 
learning environment is mediating the effect of students’ pre-
self-efficacy and pre-interest on their outcomes.  
Although there are large gender differences in students’ 
average pre- and post- self-efficacy and interest, Fig. 2 shows 
gender mediation and clarifies that gender only directly 
predicts pre-self-efficacy, pre-interest, and the perception of 
learning environment. Thus, Fig. 2 reveals that the gender 
differences in students’ post-self-efficacy, post- interest, and 
post-identity shown in Table I were mediated by the different 
components of the learning environment.  
To further understand the role played by each learning 
environment construct, Table III shows the coefficient of 
determination 𝑅! (fraction of variance explained) for each of 
the three student outcomes for seven different SEM models 
with different combinations of components of the learning 
environment. As shown in Table III, 𝑅!  values for post-
interest are around 0.79 in all of the models. This means the 
models which include any of the three learning environment 
constructs can explain 79% of the variance of post-interest. 
However, there is 75% of the variance of post-self-efficacy 
explained by the model which only includes belonging,           
which is larger than that explained by the other two single 
construct models and is very close to that explained by the 
model including all of the three constructs. Similarly, the 
model which only includes perceived recognition explains 
74% of the variance of identity, and adding peer interaction 
and belonging does not help explain the variance in identity 
further. Table III shows that both belonging and perceived 
recognition play unique roles in the learning environment in 
explaining outcomes. However, peer interaction co-varies 
with belonging and perceived recognition and uniquely 
explains very small percentages of the variance in the 
outcomes in Table III. The co-variation suggests a possibility 
that students’ sense of belonging and perceived recognition 
can be shaped by helping students interact meaningfully with 
peers (which in turn can improve their learning outcomes).  
Thus, we believe the model including all of the three learning 
environment constructs is productive. 
VI. SUMMARY AND CONCLUSION 
Due to reasons such as societal stereotypes and biases about 
who belongs in physics and can excel in it, women continue to 
be disadvantaged in physics courses and major as well as in 
related disciplines such as engineering. We found significant 
gender differences favoring male students in all motivational 
constructs in our models for students in a calculus-based 
introductory physics course. In addition, we found that both 
male and female students’ self-efficacy and interest dropped 
from pre to post and female students’ dropped even more than 
male students’. We went beyond expectancy-value theory and 
included in our SEM model components of the learning 
environments. In particular, while expectancy-value theory 
focuses on the fact that self-efficacy and value predict student 
outcomes including their grade, choice of majors and careers, 
this theory does not focus on how the learning environments 
improve or deteriorate student self-efficacy and value. We 
found that the learning environment including peer interaction, 
perceived recognition, and belonging predicted students’ 
physics identity, self-efficacy and interest at the end of the 
semester after controlling for their pre-self-efficacy, pre-
interest and gender. These findings suggest that an inclusive 
and equitable learning environment can greatly help improve 
students’ motivational beliefs in physics especially for 
students who already had lower motivational beliefs because 
of societal biases and stereotypes about physics even before 
starting their physics course. In the future studies, we intend to 
investigate the motivational beliefs of students from different 
ethnic/racial groups to further study these issues. 
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Table III. Coefficient of determination (𝑅!) for various constructs in different models showing how different combinations of 
the perception of learning environment predict various student outcomes. All 𝑅! values are significant with p < 0.001. Recog, 
peer, bel are abbreviations for perceived recognition, peer interaction and sense of belonging. 
Construct 
SEM Models with Seven Different Learning Environment Factors 
Recog Peer Bel Peer+Recog Peer+Bel Recog+Bel Peer+Recog+Bel 
Post-SE 0.56 0.61 0.75 0.68 0.77 0.77 0.79 
Post-Interest 0.79 0.77 0.78 0.80 0.78 0.80 0.80 
Identity 0.74 0.61 0.61 0.74 0.61 0.75 0.75 
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